Diagnosis of incomplete KD remains challenging but vital, because failure to treat patients expediently with IVIG infusions results in increased CAA formation. No studies have assessed the utility of the 2004 AHA KD initial diagnosis and treatment recommendations.
Kawasaki disease (KD) is a leading cause of acquired heart disease in North American children, producing coronary artery aneurysms (CAAs) in 20% to 25% of children who do not receive intravenous immunoglobulin (IVIG) treatment before the tenth day of illness. [1] [2] [3] With unknown cause and no diagnostic test or pathognomonic clinical finding, KD has been diagnosed by using a clinical case definition that requires fever together with Ն4 of 5 principal clinical criteria. However, children with incomplete KD (ie, those who do not meet the complete clinical case definition) seem to have a risk of CAAs at least as great as that of children who fulfill the classic criteria. 4 Timely diagnosis and treatment of children with incomplete KD remain challenging.
In 2004, the American Heart Association (AHA) published a statement on the diagnosis, treatment, and longterm management of KD, which subsequently was endorsed by the American Academy of Pediatrics. 5 The report included an algorithm to aid clinicians in the evaluation of patients with suspected KD who do not meet the complete case definition and thus may not be identified or receive timely referral for IVIG treatment. The AHA algorithm for patients with suspected incomplete KD was based on expert opinion and anecdotal reports, rather than large clinical trials or registries. In a retrospective, multicenter study, we sought to assess the performance of the AHA recommendations for IVIG treatment for children with CAAs attributable to KD.
METHODS

Subjects
We performed a retrospective chart review of data for children with KD and CAAs who were evaluated at 4 US pediatric hospitals. Inclusion criteria included (1) presentation with KD between 1981 and 2006; (2) diagnosis within 21 days after fever onset; (3) CAA defined on the basis of Japanese Ministry of Health and Welfare criteria or z score of Ͼ3 for the left main, proximal left anterior descending, or proximal right coronary artery; and (4) medical records adequate for determination of whether the patient met the complete case definition and, when the case definition was not met, for application of the AHA algorithm for suspected incomplete KD. Specifically, we required a record of age, date of fever onset, date of diagnosis, and data before treatment, including the presence or absence of each principal clinical criterion, C-reactive protein (CRP) level and/or erythrocyte sedimentation rate (ESR), and Ն4 of the 6 supplemental laboratory criteria enumerated in the AHA guidelines, that is, hemoglobin level, white blood cell count, platelet count if fever was present for Ն7 days, albumin level, alanine aminotransferase (ALT) level, and urinary white blood cell count. The study was reviewed and approved by the institutional review board at each participating institution.
Data Collection and Definitions
Patients who met the complete case definition were defined as having Ն3 fever days and Ն4 classic symptoms (nonspecific rash, nonexudative bilateral conjunctivitis, redness and swelling of the hands and feet, typical oral changes, and cervical lymphadenopathy) at presentation. We used the AHA algorithm for the assessment of suspected incomplete KD for patients at the time of their first presentation to the clinical center (Fig 1) . Patients were eligible to enter the algorithm if they either had had fever for Ն5 days and met 2 or 3 clinical criteria or were infants Յ6 months of age with Ն7 days of fever, systemic inflammation without explanation, and Ͻ2 criteria.
Charts were reviewed for patient age at fever onset, day of fever at diagnosis, presence or absence of each of the 5 major clinical criteria, and pretreatment laboratory data from the time of presentation (see above). Echocardiographic records for all patients were reviewed by the contributing center, and the maximal dimension in any vessel determined through echocardiography between 1981 and 2006 was recorded. Coronary artery z scores were calculated for the left main coronary, right proximal coronary, and proximal left anterior descending coronary arteries by dividing the difference between the actual coronary artery dimension and the predicted coronary dimension for a child of a given body surface area (Haycock method) by the SD. 6, 7 For patients with enlargement in the distal right coronary, posterior descending, and circumflex coronary arteries or other coronary artery segments without validated predicted dimensions for body surface area in children, absolute values were used and coronary abnormalities were classified by using Japanese Ministry of Health and Welfare criteria. 8 In those instances, CAAs were defined on the basis of a dimension of Ͼ3 mm for patients Ͻ5 years of age or Ͼ4 mm for children Ն5 years of age.
Statistical Analyses
Continuous variables were summarized as medians and ranges. For comparisons between patients with complete KD and those with incomplete KD who entered the AHA algorithm, as well as between patients Յ6 months of age and those Ͼ6 months of age, the Wilcoxon rank sum test was used for continuous variables and Fisher's exact test was used for categorical variables. For comparisons across the 4 centers, the Kruskal-Wallis test was used for continuous variables and Fisher's exact test was used for categorical variables.
RESULTS
During the 25-year review period, we identified 263 patients with KD and CAAs. Of those patients, 248 (94%) presented in the first 21 days of illness and 195 (74%) had data adequate for application of the clinical case definition for complete KD and the AHA algorithm for suspected incomplete KD. Of the 195 patients who represent our study subjects (Table 1) , 73% were male. The median age at diagnosis was 2.1 years (range: 0.1-19.4 years), and 37 patients (19%) were Յ6 months of age. The median duration of fever at diagnosis was 7 days (range: 3-21 days). We explored the number of principal clinical criteria met by our study population, all of whom had CAAs (Fig  2) . All 5 classic clinical criteria were met in 53 cases (27%), 4 criteria in 84 (43%), 3 criteria in 41 (21%), 2 criteria in 14 (7%), and 1 criterion in 3 (2%). Therefore, 30% of children had incomplete KD. At least 1 IVIG infusion was eventually administered to 184 patients (94%), including 56 (97%) of 58 with incomplete KD.
We applied the 2004 AHA recommendations retrospectively to determine how many of our population of children with CAAs attributable to KD would have been treated with IVIG infusions if the guidelines had been applied at presentation (Fig 3) . Among the 195 patients, 137 (70%) met the case definition for complete KD and would have been referred for immediate IVIG treatment. Of the remaining 58 patients, 53 (91%) were eligible to enter the AHA algorithm for suspected incomplete KD because they either had fever for Ն5 days and 2 or 3 classic clinical criteria (n ϭ 52) or were Յ6 months of age with Ͻ2 criteria, systemic inflammation, and Ն7 days of fever without other explanation (n ϭ 1). Application of the AHA algorithm for suspected incomplete KD would have referred all 53 eligible patients with incomplete KD for IVIG treatment.
Five (3%) of the 195 patients neither met the complete case definition nor would have been eligible to enter the AHA algorithm for suspected incomplete KD at the time of their first pre-
FIGURE 1
Evaluation of suspected incomplete KD. (1) In the absence of a standard method for diagnosis, this algorithm cannot be evidence-based but represents the informed opinion of the expert committee. Consultation with an expert should be sought whenever assistance is needed. (2) Infants Ͻ6 months of age on the seventh day of fever without other explanation should undergo laboratory testing and, if evidence of systemic inflammation is found, echocardiography, even if the infants meet no clinical criteria for diagnosis. (3) Characteristics suggesting KD are listed in Table 1 . Characteristics suggesting diseases other than KD include exudative conjunctivitis, exudative pharyngitis, discrete intraoral lesions, bullous or vesicular rash, and generalized adenopathy. Alternative diagnoses should be considered (Table 2 ). (4) Supplemental laboratory criteria include albumin levels of Ͻ3.0 g/dL, anemia for age, elevation of ALT level, Ͼ450 000 platelets per mm 3 after the seventh day, white blood cell count of Ͼ15 000 cells per mm 3 , and Ͼ10 white blood cells per high-power field in the urine. (5) Treatment can begin before echocardiography is performed. (6) Echocardiograms are considered positive for purposes of this algorithm if any of 3 conditions are met, that is, the z score for the anterior interventricular or right coronary artery is Ͼ2.5, coronary arteries meet Japanese Ministry of Health and Welfare criteria for aneurysms, or there are Ͼ3 other suggestive features, including perivascular brightness, lack of tapering, decreased left ventricular function, mitral regurgitation, pericardial effusion, or z scores for the anterior interventricular and right coronary arteries between 2 and 2.5. (7) If the echocardiogram is positive, then treatment should be given to children within 10 days after the onset of fever and to those beyond the 10th day with clinical and laboratory signs of ongoing inflammation. sentation to the clinical center (Table  2) . Three would have become eligible later, because their fevers lasted Ն5 days and they had 2 or 3 principal clinical criteria. If those 3 patients had then entered the algorithm, 1 would have satisfied the criteria for immediate IVIG treatment. The other 2 would have been referred for echocardiography, and 1 would have received IVIG treatment, on the basis of abnormal echocardiographic findings, on day 5. The other had negative echocardiographic findings on day 6 and so would not have been referred for IVIG treatment; subsequent echocardiography performed on day 12 of illness showed a CAA. The remaining 2 children, each of whom was Ͼ6 months of age with only 1 principal clinical criterion, would not have been eligible to enter the algorithm. Therefore, careful follow-up monitoring in the days after the first presentation to the clinical center would have resulted in successful application of the AHA algorithm and appropriate IVIG treatment for 2 of 5 children. With inclusion of those children, Ն192 (98%) of 195 subjects with KD and CAAs would have been referred appropriately for IVIG treatment, including Ն55 (95%) of 58 patients with incomplete KD at initial presentation.
We compared the characteristics of patients who satisfied the criteria for complete KD with those of patients who had AHA algorithm-eligible incomplete KD. Patients with incomplete KD who were eligible to enter the algorithm had a longer time to KD diagnosis (median: 9 days [range: 5-21 days] vs 6 days [range: 3-17 days]; P Ͻ .001) and a greater tendency to be Յ6 months of age (28% vs 16%; P ϭ .067). The 2 groups had similar laboratory measures (Table 1 ) with the exception of serum ALT levels, which were more frequently elevated for age in patients with complete KD (55% vs 33%; P ϭ .011).
We compared the characteristics of infants Յ6 months of age, who represented 19% of the study population, with those of patients Ͼ6 months of age (Table 3 ). Infants Յ6 months of age tended to be more likely to have incomplete KD (41% vs 27%; P ϭ .063) and had more days of fever at presentation (median: 9 vs 7 days; P ϭ .003). Only 16% of young infants had cervical lymphadenopathy at the time of presentation, compared with 49% of older children (P Ͻ .001). Infants Յ6 months of age were more likely to have white blood cell counts of Ͼ15 000 (P ϭ .05) and anemia for age (P ϭ .005) and were less likely to have elevated ALT levels for age (P Ͻ .001). Other clinical and laboratory findings were similar between the 2 age groups.
FIGURE 2
Number of clinical criteria present at the time of initial evaluation for 195 patients with KD and CAAs. Clinical criteria included rash, conjunctival injection, oral changes, lymphadenopathy, and extremity changes. We explored variations in the performance of the AHA recommendations according to clinical center (Table 4) . Centers varied according to age at presentation (P Ͻ .001), proportion of infants Յ6 months of age (P ϭ .005), and proportion of infants with elevated ALT levels for age (P Ͻ .001). Centers were otherwise similar with respect to laboratory data and clinical characteristics, including proportion male, days of fever, and proportion with incomplete presentation. The centers did not differ with respect to performance of the 2004 AHA recommendations in successfully guiding IVIG treatment, with limited statistical power. Similarly, performance of the 2004 AHA recommendations did not differ when we analyzed patients who presented by day 21 (n ϭ 195), day 14 (n ϭ 182), or day 10 (n ϭ 154). However, our statistical power to detect such differences was limited.
DISCUSSION
Timely IVIG treatment is hampered by incomplete clinical signs in at least 15% to 20% of children with KD. [9] [10] [11] Indeed, incomplete presentation with KD is a risk factor for delayed diagnosis, failure to treat with IVIG infusions, and development of coronary artery lesions. 12, 13 In the absence of a diagnostic test for KD, several groups have published strategies for the evaluation of children with suspected incomplete KD. [14] [15] [16] In 2004, the AHA updated scientific statement not only included criteria for classic KD but also proposed a new algorithm for the initial assessment and treatment of children with suspected incomplete KD. This algorithm was based primarily on expert consensus, because of the dearth of evidence-based studies. The present study is the first to examine the performance of the 2004 AHA recommendations in a large population of children meeting the standard for the diagnosis of KD, that is, CAAs.
Our retrospective review suggests that, among North American children with CAAs secondary to KD, application Children Յ6 months of age were overrepresented in our study group with CAAs. Furthermore, a larger proportion of infants tended to present with incomplete KD, compared with the older group. Several previous studies found that infants were at increased risk for both incomplete presentation [17] [18] [19] and coronary abnormalities. [20] [21] [22] [23] [24] [25] [26] Delayed diagnosis, which is common in the infant KD population, 12 also was demonstrated to be a risk factor for the development of coronary abnormalities. 25 Other investigators found that pediatricians are less likely to consider a diagnosis of KD for infants even when they present with complete KD. 27 These findings underscore the need for increased clinical suspicion for incomplete KD in infants with an unknown cause of fever. The new AHA algorithm for patients with suspected KD seems to be of particular benefit when used for the assessment of infants; all infants would have been referred for IVIG treatment at presentation (Fig 4) .
We explored the reasons why the AHA algorithm would not have directed some children in the series to IVIG treatment. Two patients had only a single principal clinical criterion in addition to fever. Children with fever and a single principal criterion do not enter the AHA algorithm unless they are Յ6 months of age and hence would not be explicitly addressed by the 2004 AHA recommendations. We cannot exclude the possibility that other symptoms of KD were transient in these 2 children and were missed by parents and care providers. It is worth noting that 1 child was 8 years of age, outside the typical KD age range. Older age itself has been shown to be a risk factor for delayed diagnosis, development of CAAs, complications, and persistence of CAAs over time. 24, 28 One other child had incomplete criterion findings, with normal echocardiographic findings on day 6 of illness; a second echocardiogram was not performed until day 12 of illness, when coronary changes were seen. Although the AHA algorithm suggests repeating echocardiography when fever persists in children with elevated CRP levels and/or ESRs and Ͻ3 supplemental laboratory criteria, the appropriate interval for retesting is not given. Future iterations of the algorithm might specify that repeat echocardiography be performed sooner, particularly if the first echocardiogram is obtained early in the course of illness. However, changes in the algorithm that improve sensitivity must be balanced against worsening specificity, with widespread overuse of echocardiography and IVIG treatment.
Our retrospective study should be viewed in light of its limitations. We assessed patient characteristics at presentation, and it is possible that some patients with incomplete presentations might have satisfied the criteria completely with longer follow-up monitoring. CAAs were determined on the basis of echocardiographic interpretation at each participating clinical center, rather than in a core laboratory. Because we included only patients with KD with CAAs, laboratory results for our study population are likely to be skewed toward greater systemic inflammation, compared with average children with KD. 29 Our study design did not permit us to assess the specificity of the algorithm for suspected KD, and we could not evaluate the number of unnecessary laboratory tests, echocardiograms, or IVIG infusions. The retrospective nature of the study also precluded us from determining whether application of the 2004 AHA guidelines improved patient outcomes. Of note, the most important aim of IVIG treatment for patients with KD is to prevent CAAs. By restricting the study population to children who developed coronary artery sequelae of KD, we were able to demonstrate that the 2004 AHA guidelines successfully guided children at highest risk toward IVIG treatment.
CONCLUSIONS
Our study is the first to assess the performance of the 2004 AHA recommendations in facilitating the diagnosis and treatment of KD in children with CAAs. Fewer than three fourths of children with CAAs met the complete case definition at presentation. Incorporation of the AHA algorithm for suspected incomplete KD in the initial assessment would have referred the great majority of this highrisk KD population for immediate IVIG treatment. Future multicenter prospective studies are needed for assessment of the performance characteristics of the AHA algorithm among febrile children with incomplete criterion findings and further refinement of the algorithm.
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